We show, to our knowledge, the broadest VCSEL-based optical comb with 1THz span (20 dB), 193 teeth, obtained by cascading two expansion stages, one with Electro-Optic Modulators and the second based on High Non-Linear Fibers. In this work, we present our latest results on VCSEL-based Optical Frequency Comb (OFC) generation and expansion using commercially available components. The result is a versatile, and compact comb architecture, that offers cost and energy efficiency. Our OFCs are based on Vertical-Cavity Surface-Emitting Lasers (VCSELs) under Gain Switching (GS) regime that provide record combs in energy efficiency and mode coherence compared to other laser diodes (LD) technologies [1]- [3] . Among others, these systems are useful in fields of application like spectroscopy, THz generation or green optical communications [4]- [8] .
In this work, we present our latest results on VCSEL-based Optical Frequency Comb (OFC) generation and expansion using commercially available components. The result is a versatile, and compact comb architecture, that offers cost and energy efficiency. Our OFCs are based on Vertical-Cavity Surface-Emitting Lasers (VCSELs) under Gain Switching (GS) regime that provide record combs in energy efficiency and mode coherence compared to other laser diodes (LD) technologies [1] - [3] . Among others, these systems are useful in fields of application like spectroscopy, THz generation or green optical communications [4] - [8] .
Up to now, the optical frequency span was the main limiting factor when comparing VCSELs with other laser technologies for OFCs, but here we present a breakthrough in this limit: we have obtained the broadest VCSELbased optical comb, of 1THz (20dB) span, which is a record value to our knowledge. This comb has 193teeth in the 20dB span which corresponds to 9.1nm in wavelength. The distance between comb teeth is 5GHz and the overall power consumption of the components in the set-up is lower than 10W. However, with this configuration, the flatness of the comb and its dynamic range still leave room for improvement. In Fig. 1a , we observe the reported 1THz comb, called EO&HNLF-OFC (red line) and its 20dB span (black dotted line). The dynamic range of this spectrum is lower than 20dB in the upper wavelengths so the 20dB line covers the span where the teeth are at least 0.5dB above the noise level (the OSA used has 0.002nm resolution). In order to obtain this spectrum we have implemented a set-up that combines two different expansion techniques as explained in the following paragraph.
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The optical source starts with a VCSEL set at 20ºC and 11.4mA of bias current. The VCSEL is operating in GS regime using a 16dBm tone at 5.4GHz. The obtained comb, called VCSEL-OFC (blue trace in Fig. 1c) , has 27 teeth in the 20dB span that corresponds to 135GHz (previously presented in [1] , [2] , [9] ). This VCSEL-OFC enters the first expansion stage, with two Electro Optical (EO) Phase Modulators (PM). Cascading several EO modulators is one of the most common techniques for comb generation and expansion [10] . The obtained comb EO-OFC (yellow trace in Fig. 1b) , has 80 teeth in the 20dB span that corresponds to 427GHz. Finally, the second expansion stage is based on Highly Non-Linear Fiber (HNLF). Before this element, we include a Dispersion Compensating Fiber (DCF) to compensate the dispersion and an Erbium Dopped Fiber Amplifier (EDFA) in order to increase the peak power of the pulse and enhance the non-linear effects in the HNLF. In Fig. 2 the complete set-up is shown, which is similar to the ones described to expand combs with different laser technologies in [10] , [11] . This is a remarkable result and our efforts continue in order to improve the flatness and the dynamic range of this 1THz broad comb. We will also continue analyzing the coherence between the teeth in the comb and other features that characterizes a comb spectra and a comb system. At the end we focus on the improvement of the quality and energy efficiency of these VCSEL-based OFCs.
